Thermal Plasma synthesis of Hematite Fe 2 O 3 particles has been carried out for the generation of sub-micrometer range of particles. The plasma torch acts as a source of thermal energy and the plasma forming gas provides an inert atmosphere. The plasma column is stabilized by gas flow stabilization method in which a flowing external cold layer of a gas surrounds the arc column and the sheath gas enters into the reaction region. The sub-micrometer particles are generated by varying sheath gas with air and nitrogen, so that, the oxygen availability is varied during the formation of sub-micrometer particles. The plasma synthesized particles are characterized by X-ray diffraction, Moessbauer spectroscopy and spectrochemical analysis. The particle size distribution of the suspended aerosols and the aerosol deposits are determined. The aerosol size spectrum showed the presence of particles ranging from nano-meter to micrometer. Quantification of Fe 2+ and Fe 3+ present in the aerosol deposits showed that the generation of Fe 2+ has been enhanced by 2% when the sheath gas is changed from air to nitrogen.
INTRODUCTION
powders, (v) plasma metallurgy and, (vi) plasma synthesis of fine powders in generating nanometer particles. The high temperature (of the order of 10000 K) of the plasma state is utilized for the interaction of plasma with solids and gases, and this high temperature interaction is the basis for plasma-enabled material processing called as plasma synthesis (Young and Pfender, 1985) . The plasma synthesis can also be carried out in an inert atmosphere. Therefore, pure metals or non oxides can be manufactured that are not Thermal Plasma Technology covers today a wide spectrum of applications (Pfender L.F, 2000) , which are classified as (i) plasma coating including spraying, (ii) plasma chemical vapor deposition, (iii) plasma waste destruction, (iv) plasma densification of available from other processes like flame synthesis. The fine particles are formed by plasma synthesis (Friedlander, 1998) by gasto-particle conversion. Condensable molecules produced by this processes, self-nucleate to form particles.
Plasma synthesis is carried out using a Plasma Torch. The high temperatures together with the high reactivity due to the presence of free ions and radicals make the plasma a powerful medium to promote high heat transfer rates and chemical reaction. The materials introduced into the flame are melted and evaporated while plasma forming gas provides an inert atmosphere and helps to prevent undesirable reactions. The advantages of plasma torch in material processing (Sreekumar et al., 2000; Venkataramani, 2002) include (i) high enthalpy to enhance the kinetics of the reaction, (ii) steep temperature gradient that enables rapid quenching and, (iii) the clean reaction atmosphere or varying the reaction atmosphere. These processes in tandem can produce a number of effects in material processing to produce high purity materials of ultra-fine powders (Einer Kruis et al., 1998) . In general, nitrogen or hydrogen is used as a plasma generating gas, since the energy content of nitrogen and hydrogen is higher than that of argon or helium, due to its diatomic nature. But, in order to have an inert atmosphere in the reaction environment, argon is usually preferred. Reactive gases like hydrogen, oxygen (air), chlorine and nitrogen can be used to impart reducing, oxidizing, chloriding or nitriding effects in the material processing. In the present experiment, reaction atmosphere is varied by changing the sheath gas used for the plasma torch as air and nitrogen so that oxygen availability is varied, and nano to submircometer range of particles are generated. By considering the multiple usage of iron-oxide powder in various industries (Bate, 1980; Matijevic et al., 1986) plasma synthesis of iron oxide powder is carried out. The rapid cooling of reaction products leads to supersaturating and homogeneous nucleation.
Plasma synthesis of Iron oxide particles is reported by Balasubramanian et al. (2004) and Banerji et al. (2006) 
EXPERIMENTAL

Aerosol Test Facility (ATF)
ATF Baskaran et al., 2006) provide isokinetic sampling (William C. Hinds, 1982 ).An integrated view of aerosol chamber, the sodium combustion cell, and aerosol measurement apparatus is presented in Fig.1 . The synthesis of iron oxide is carried out using the thermal plasma torch of the ATF.
Plasma Torch
The plasma torch is operated in nontransferred arc mode and it operates in atmospheric pressure. It has a rod type cathode, made of tungsten of 6 mm diameter with 1-2% of thoria for better thermionic emission . The anode is made of copper, in the form of divergent nozzle with a conical shape, having 17 mm inner diameter and 75 mm outer diameter. Both the anode and cathode are water cooled and immersed in 
RESULTS AND DISCUSSIONS
On-line Aerosol Characteristics
As plasma interaction is a high temperature interaction (of the order of 10000 K) followed by rapid quenching, the injected particles undergo phase changes, as well as there exist a possibility of structural changes in the compound (Gerdeman and Hecht, 1982) . The torch was operated at 20 kW.
The primary particles were injected into the flame at the rate of 1 g/min. Aerosol sampling was carried out using Aerosol spectrometer, and 14 stage LPI (10 minutes sampling at a flow rate of 2.8 Lpm) connected to one of the diagnostic port of the aerosol chamber. The aerosol chamber was kept at the ambient atmosphere with RH at 65%. The on-line characteristics were carried out for the sample S1. Number % of particles Vs size for the duration 1-4 minutes.
(measurement limit of spectrometer)
indicating the presence of large number of particles below 0.3 µm during the first minute of generation. It is noticed from Fig. 6 (b) that, the particle size distribution found to vary with time due to coagulation. The analysis of aerosols size spectrum shows that the submicrometer to nano-size range of particles have been generated using the plasma torch.
Off-line Analysis of Aerosol Deposits Analysis by Using Mastersizer
The particle deposits (sample S1) on the floor of the chamber was collected and analyzed in Mastersizer for the size spectrum.
The Mastersizer operates in ensemble diffraction principle. The particles to be analyzed were made to disperse in a liquid medium (for iron oxide particles the dispersant is de-mineralized water) and made to intercept an optical path. The forward scattered intensity was recorded and the size spectrum was derived. The size spectrum of the particles deposited on the floor of the sample and primary particles are shown in Fig. 7 . It is observed from the figure that the plasma synthesized particle spectrum is from 44 nm (lowest detection limit of the instrument) to 10µm. The median value of the primary particle spectrum is about 40 µm with standard deviation = 0.7.
SEM Analysis
The Scanning Electron Micrograph of the deposited particle for the sample S1 is shown in Fig. 8 . It is observed that, there exist nearly spherical particle of about 2 µm, very fine individual particles in the sub-micrometer range and cluster aggregates. It is confirmed that the particle size distribution is wide as seen by the Mastersizer (Fig. 7) .
Fig. 7.
Volume-size distribution of aerosol deposits on the floor measured using Mastersizer 
XRD Analysis Moessbauer Spectroscopic Analysis
The XRD pattern of the samples S1 and S2
are shown in Fig. 9(a) and Fig. 9(b) respectively. In both the patterns, it is observed that there is a presence of (i) α- are the Moessbauer spectrum (Greenwork N.N. and Gibb T.C, 1971 ) of the particle deposits, for the samples S1 and S2 respectively. The
Moessbauer spectrum data is given in 
